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INTEGRATED CIRCUIT AND METHOD OF FORMING THE 
INTEGRATED CIRCUIT HAVING A DIE WITH HIGH Q INDUCTORS AND 
CAPACITORS ATTACHED TO A DIE WITH A CIRCUIT AS A FLIP CHIP 

BACKGROUND OF THE INVENTION 



1. Field of the Invention . 

The present invention relates to integrated circuits and, more 
10 particularly, to an integrated circuit and method of forming the 

integrated circuit that has a die with high Q inductors and capacitors 
that is formed on a die with a circuit as a flip chip. 



Description of the Related Art . 



Low-loss, linear inductors and capacitors are common circuit 
elements in radio frequency (RF) applications, such as digital cellular 
telephones. These devices tend to be quite large with respect to the 
digital circuitry, and are one of the limiting factors in further significant 
20 reductions in the size of digital cellular telephones. 

For example, one important measure of an inductor is the quality 
factor or Q of the inductor. High Q inductors are desirable in a number 
of RF circuits, such as resonant circuits. The Q of an inductor is given 
by equation (EQ.) 1 as: 



EQ. 1 Q = (oiyR, 



where co is related to the frequency f of the signal applied to the 
inductor (a)=2(7r)(f)), L represents the inductance of the inductor, and R 
30 represents the resistance of the inductor. 
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As indicated by EQ. 1, the smaller the resistance, the higher the 
Q of the inductor. One common approach to reducing the resistance of 
an inductor is to increase the size of the inductor. In addition, 
capacitors, like inductors, have a similar Q measure which Increases with 

5 increasing size. As a result, high Q inductors and capacitors are often 
implemented at the circuit board level as discrete components, requiring 
a significant amount of circuit board space. 

One approach to providing an Integrated circuit with high Q 
inductors and capacitors Is to fabricate both the electrical circuit and the 

10 high Q inductors and capacitors on the same semiconductor substrate. 
This approach, however, typically suffers from a number of drawbacks, 
including induced substrate currents and relatively thick metal layers. 

Another approach to providing an integrated circuit with high Q 
inductors and capacitors that address these drawbacks is the use of 

15 micro-electromechanical systems (MEMS) technology. For example, 
using MEMS technology, the functionality of a low loss Inductor and 
capacitor can be provided by using micron-sized electromechanical 
structures. 

Although techniques exist for providing an integrated circuit with 
20 high Q inductors and capacitors, there is a continuing need for alternate 
structures and methods of forming the structures. 

SUMMARY OF THE INVENTION 

25 The present Invention provides an Integrated circuit with a die 

that is attached to another die as a flip chip. The flip chip die has micro- 
electromechanical structures that realize high Q inductors and/or 
capacitors, while the other die has an electrical circuit that utilizes the 
high Q inductors and/or capacitors. The use of two dice In the 
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integrated circuit simplifies the manufacturing process and Increases 
manufacturing flexibility. 

An integrated circuit in accordance with the present invention 
includes a first die that has a substrate with an electrical circuit, and an 
5 interconnect that is formed on the substrate and electrically connected 
to the electrical circuit. The first die also has a passivation layer that is 
formed on the interconnect, and a plurality of first bonding pads that are 
formed on the passivation layer. The first bonding pads are electrically 
connected to the interconnect. The first die further has a plurality of 
10 second bonding pads that are formed on the passivation layer. The 
second bonding pads are electrically connected to the interconnect. 

The integrated circuit also includes a second die that has a micro- 
electromechanical structure which has an inductance, and a plurality of 
third bonding pads that are connected to the micro-electromechanical 
15 structure. The integrated circuit further includes a plurality of 

connectors that are attached and electrically connected to the second 
bonding pads and the third bonding pads. 

The present invention also includes a method of forming the 
integrated circuit. The method includes the step of forming a first die 
20 from a first wafer. The first die has a substrate with an electrical circuit, 
and an interconnect that is formed on the substrate and electrically 
connected to the electrical circuit. The first die also has a passivation 
layer that is formed on the interconnect, and a plurality of first bonding 
pads that are formed on the passivation layer. The first bonding pads 
25 are electrically connected to the interconnect. The first die further has a 
plurality of second bonding pads that are formed on the passivation 
layer. The second bonding pads are electrically connected to the 
interconnect. 
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The method further includes the step of forming a second die 
from a second wafer. The second die has a micro-electromechanical 
structure which has an inductance, and a plurality of third bonding pads 
that are connected to the micro-electromechanical structure. In 
addition, the method includes the step of attaching the third bonding 
pads of the second die to the second bonding pads of the first die via a 
plurality of connectors. 

In further accordance with the method of the present invention, 
the first die is fabricated at a first facility using a first sequence of 
fabrication steps, while the second die is fabricated using a different 
second sequence of fabrication steps at either the first facility or a 
second facility. Further, the third bonding pads of the second die can be 
attached to the second bonding pads of the first die at the first facility, 
the second facility, or a third facility. 

A better understanding of the features and advantages of the 
present invention will be obtained by reference to the following detailed 
description and accompanying drawings that set forth an illustrative 
embodiment in which the principles of the invention are utilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view illustrating an integrated 
circuit structure 100 in accordance with the present invention. 

FIG. 2 is a plan view illustrating an integrated circuit package 200 
in accordance with the present invention. 

FIG. 3 is a flow chart illustrating a method 300 of forming an 
integrated circuit package, such as package 200, in accordance the 
present invention. 
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FIG. 4 Is a flow chart illustrating a method 300 of forming an 
integrated circuit package, such as package 200, in accordance with an 
alternate embodiment of the present invention. 

DETAILED DESCRIPTION 

FIG. 1 shows an exploded perspective view that illustrates an 
integrated circuit structure 100 in accordance with the present invention. 
As described in greater detail below, an integrated circuit having high Q 
inductors and capacitors is formed by attaching a die which has micro- 
electromechanical structures that realize high Q inductors and/or 
capacitors to a die that has an electrical circuit as a flip chip. 

As shown in FIG. 1, structure 100 Includes a first die 110 and a 
second die 130. First die 110, in turn, includes a first semiconductor 
substrate 112 that has an electrical circuit. The electrical circuit can be 
implemented with a bipolar, CMOS, or BiCI^IOS circuit that requires or 
can benefit from a high Q inductor and/or a high Q capacitor. As noted 
above, high Q inductors and capacitors are commonly utilized in RF 
circuits, such as resonant circuits. 

As further shown In FIG. 1, first die 110 includes a multilevel 
metal interconnect 114 that is formed on substrate 112 to be electrically 
connected to the electrical circuit. In addition, first die 110 has a layer 
of passivation material 120 that is formed over metal interconnect 114. 
The top surface of the layer of passivation material 120 has an Inner 
surface region 122 and a peripheral surface region 124 that encircles 
Inner surface region 122. 

First die 110 also Includes a number of circuit bonding pads 126 
in peripheral surface region 124 that are formed on passivation layer 
120, and connected to the electrical circuit via metal interconnect 114. 
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Circuit bonding pads 126 provide connection points for power and 
ground along with various electrical signals. In addition, first die 110 
includes a number of inner bonding pads 128 in inner surface region 122 
that are formed on passivation layer 120, and connected to the electrical 

5 circuit via metal Interconnect 114. 

Second die 130 includes a second semiconductor substrate 132, 
and a micro-electromechanical block 134 that is formed on second 
substrate 132. Micro-electromechanical block 134, in turn, includes 
inductive structures that realize the functionality of a high Q inductor, 

10 and/or capacitive structures that realize the functionality of a high Q 
capacitor. 

The inductive structures of block 134 can be implemented with 
fixed values of inductance, or as structures with a variable Inductance. 
In addition, the Inductive structures of the present invention can be 
15 implemented with prior-art, MEI^lS-based semiconductor structures that 
are utilized to realize high Q inductors. 

Similarly, the capacitive structures of block 134 can be 
implemented with fixed values of capacitance, or as structures with a 
variable capacitance. In addition, the capacitive structures of the 
20 present invention can be implemented with prior-art, MEMS-based 
semiconductor structures that are utilized to realize high Q capacitors. 

Further, die 130 has MEI^S bonding pads 136 that are electrically 
connected to the inductive and/or capacitive structures. In addition, the 
Integrated circuit also has solder balls 140 that are connected to the 
25 MEMS bonding pads 136. In accordance with the present invention, die 
130 is attached to die 110 as a flip chip such that Inner bonding pads 
128 are electrically connected to MEMS bonding pads 136 via solder 
balls 140. 
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The MEMS bonding pads 136 and solder balls 140 are formed 
using prior-art materials and methods, such as the materials and 
methods used to form prior-art flip chip structures. In addition, second 
die 130 has a footprint that is the same size as, or smaller than, the size 
5 of Inner surface region 122 of passivation layer 120. In the example 
shown in FIG. 1, the footprint is the same size as inner surface region 
122. 

FIG. 2 shows a plan view that Illustrates an Integrated circuit 
package 200 in accordance with the present invention. As shown In 
10 FIG. 2, integrated circuit package 200 includes a multi-layered substrate 
;3 210 and integrated circuit structure 100 which is attached to substrate 

210. 

Multi-layered substrate 210, in turn, Includes a number of 
package bonding pads 212, and Internal routing 214 that is electrically 
15 connected to the package bonding pads 212. In addition, substrate 210 
also includes a number of solder bumps 216 (or pins) that are extend 
away from the bottom side of package 200, and connected to internal 
routing 214. Further, package 200 includes a number of very fine 
bonding wires 218 that provide an electrical connection between the 
20 circuit bonding pads 126 and the package bonding pads 212. 

FIG. 3 shows a flow chart that illustrates a method 300 of 
forming an integrated circuit package, such as package 200, in 
accordance the present invention. As shown in FIG. 3, method 300 
begins with step 310 by forming a first die and a second die, such as 
25 first die 110 and second die 130. The first die and the second die are 
formed from different wafers and, like first die 110 and second die 130, 
have bonding pads. 

In the present invention, the wafer that includes the first die and 
the wafer that includes the second die can be fabricated at the same 
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manufacturing facility or at different manufacturing facilities, and can be 

formed at the same time or at different times. In addition, the first die 

is fabricated using a first sequence of prior-art fabrication steps, while 

the second die is fabricated using a different second sequence of prior- 

5 art fabrication steps. 

Following this, method 300 moves to step 312 where the bonding 

pads of the second die, such as bonding pads 136 of second die 130, 

are attached to the bonding pads of the first die, such as bonding pads 

128 of first die 110, via a number of solder balls, such as solder balls 

10 140. The second die can be attached to the first die at the facility or 

facilities that fabricated the first die, the facility or facilities that 

fabricated the second die, or at a third facility. 

After the second die has been attached to the first die, method 

300 moves to step 314 where the first die is attached to a multi-layer 

15 substrate, such as multi-layer substrate 210, that has bonding pads. 

The first die is connected to the multi-layer substrate using conventional 

back-end processing steps. 

Further, the first die can be attached to the multi-layer substrate 

at the facility or facilities that fabricated the first die, the facility or 

20 facilities that fabricated the second die, the facility where the second die 

was attached to the first die or at a fourth facility. 

Following this, method 300 moves to step 316 where very fine 

bonding wires, such as wires 218, are connected to the bonding pads of 

the first die, such as the circuit bonding pads 126, and the bonding pads 

25 of the package, such as the package bonding pads 212. The bonding 

wires are connected to the bonding pads of the first die and the bonding 

pads of the package using conventional materials and methods. 

Once the bonding wires have been formed, method 300 

continues with conventional back-end processing steps. Further, the 
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first die can be attached to the multi-layer substrate at the facility or 
facilities that fabricated the first die, the facility or facilities that 
fabricated the second die, the facility where the second die was 
attached to the first die, the facility where the first die was attached to 
5 the multi-layered substrate, or at a fifth facility. 

One of the advantages of the present invention is that the 
present invention greatly simplifies the manufacturing process. Since 
die 110 and die 130 are independently formed, the electrical circuit 
formed on substrate 112 can continue to be formed using conventional 

10 bipolar, CMOS, or BiCMOS processes without the need to modify the 
fabrication sequence to incorporate the steps required to form 
integrated MEMS structures. Further, many micro-electromechanical 
structures are simple to fabricate as discrete devices. 

In addition to simplifying the process, the present invention is 

15 also independent of the geometry of the fabrication technology that is 
used. For example, as long as the footprint of die 130 is the same size 
or smaller than inner surface region 122, and the inner bonding pads 
128 are aligned with the MEMS bonding pads 136, die 130 can be used 
with die 110 regardless of whether die 110 utilizes a 0.35-micron, a 

20 0.25-micron process, a 0.18-micron, or a 0.13-micron process. 

Further, since each step of the manufacturing process (the 
formation of die 110 and die 130, the attachment of die 130 to die 110, 
the attachment of die 110 to substrate 210, and the attachment of the 
bonding wires) can be performed at different fabrication facilities, the 

25 present invention fosters manufacturing competition. For example, one 
company may be particularly cost effective in producing die 110, but 
cost ineffective in packaging structure 100. As a result, the lowest cost 
provider can be utilized at each step. 
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FIG. 4 shows a flow chart that illustrates a method 300 of 
forming an integrated circuit package, such as package 200, in 
accordance with an alternate embodiment of the present invention. As 
shown in FIG. 4, method 400 begins with step 410 by forming a first die, 
5 such as first die 110, a second die, such as second die 130, and a third 
die. 

The first die, the second die, and the third die are formed from 
different wafers and, like first die 110 and second die 130, have bonding 
pads. In method 400, the second die and the third die are identical 

10 except that the inductive and capacitive values provided by the MEMS 
structures on the second die and the third die are different. For 
example, the inductive values can be different, the capacitive values can 
be different, or both the inductive and capacitive values can be different. 
In method 400, as with method 300, the wafer that includes the 

15 first die, the wafer that includes the second die, and the wafer that 
includes the third die can be fabricated at the same facility or at 
different facilities. In addition, the wafers can be formed at the same 
time or at different times. 

Following this, method 400 moves to step 412 where a selected 

20 die from the group including the second die and the third die is chosen. 
Next, method 400 moves to step 414 where the bonding pads, such as 
bonding pads 136, of the selected die are attached to the bonding pads, 
such as inner bonding pads 128, of the first die via a number solder 
balls, such as solder balls 140. 

25 After the selected die has been attached to the first die, method 

400 moves to step 414 where the first die is attached to a multi-layer 
substrate, such as multi-layer substrate 210. The first die is connected 
to the multi-layer substrate using conventional back-end processing 
steps. 
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Following this, method 400 moves to step 416 where very fine 
bonding wires, such as wires 218, are connected to the bonding pads, 
such as pads 126, of the first die and the bonding pads, such as pads 
212, of the package. The bonding wires are connected to the bonding 
5 pads of the first die and the bonding pads of the paclcage using 
conventional materials and methods. 

Once the bonding wires have been formed, method 400 
continues with conventional back-end processing steps. In method 400, 
as with method 300, each step of the manufacturing process (the 
10 formation of the dice, the attachment of the selected die to the first die, 
Q the attachment of the first die to the multi-layer substrate, and the 

iX attachment of the bonding wires) can be performed at different 

fabrication facilities. Thus, as with method 300, method 400 allows the 
«P lowest cost provider to be utilized at each step. 

15 One of the advantages of method 400 Is that method 400 

increases manufacturing flexibility. By utilizing dice with different 
J'? inductances and capacitances, the present invention allows the electrical 

□ circuit formed on first die 110 to be combined with one of several 

different inductance and capacitance values to provide one of several 
20 different circuit response capabilities. 

It should be understood that various alternatives to the method 
of the invention described herein may be employed in practicing the 
invention. Thus, it is intended that the following claims define the scope 
of the invention and that methods and structures within the scope of 
25 these claims and their equivalents be covered thereby. 
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